.~-_. .c <I) The elements zirconium, columbium, yttrium, and lar:..thanum are partioularly suitable for the present investigations. First, it is possible to synthesize a variety of types of colloids incorporating radioisotopes of these elements.
Secondly, there is available for these elements a large number of radioisotopes of differing nuclear properties. This group includes isotopes of short, intermediate, and long half~life, some of which emit only beta particles, some, only * This work was supported in part by Contract lT6-0RI-llI Task .Order III, U. S. Navy and by the A.E.C. (NDP 48A Division II). UCRL 91 -4gamma rays, and others, both beta and g:lmma rays. Table 1 gives a description of the nuclear properties of the available radioisotopes. 
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Zr 89
Zr 97 ;;
This colloid is mixod with an equal volume of 10% dextrose solution before being used in biological experiments.
UCRL 91 -6-
demonstrates a bright Tyndall effect, is polydisperse, and of such particle point with dilute sodium hydroxide, the hydrated zirconium oxide centrifuged 2) Zirconiuffi.phosphate in dilute disodium acid phosphate-
Glucose is present for the purpose of renderin[; the sol nearly isotonic, out, and the supernate discarded. The precipitate is suspended in 2.5 ml of a supernatant sol that is visibly cloudy and shows a marked Tyndall effect.
of the zirconium phosphate. since 0.9% saline solution produced immediate i'locculation of the colloidal occurs even aftor 30 minutes of heating at 100°C.
The mechanism probably operative in production of this typq of colloid, namely containing disodium acid phosphate (0.024 fa) results in colloidal ro-suspension \ .
traction of the precipitate with tho original volume of 5% glucose solution size that the majority nf tho suspended zirconium is sedimented, in ordinary sodium acid phosphate~Thero results a turbid sol which demonstrates a0
.008 }1 sodium lactate solution and shaken 12 hours to pcptiz8 the hydroxide. Table 2 it is seen that on reaching the ratio citrate/yttrium = 3, there is no hydroxide bound by yttrium. As would be expected from equi-UCRL 91 librium considerations this continues to be the case at even higher citrate/ yttrium ratios.
, . Table 3 Variation Table 2 with that in Table 3 it is seen that the .......... hydroxide bindinc to yttrium is much more stable at pH 8.3 than at pH 7.0, so that at the higher pH even with citrate/yttrium. ratios of 20/1, there is still approximately 1 millimole hydroxide bound per millimole of yttrium. Further . .
I (
UCRL 91 -llon comparing the products obtained at any particular citrate/yttrium ratio by raising the pH from 7.0 to 8. 3 . it is noted that in addition to changing the extent of hydroxide-yttrium bindinG, the particle sizes are smaller at pH 8.3 than at pH 7.0 (at least through the range of mole ratio of citrate/yttrium from 1:4 to 1:1). Qualitative experiments reveal that on still further raising the pH, (i.e" above 8.3), a region is reached where the aggregate size begins>again to incre~se with pH increase.
It is evident from the above data that it is possible to Pl'epare colloidal sols whose particle sizes may be made to vary through a wide range by altering the citrate/yttrium mole ratio at~particular pH. Or, if a particular citrateyttrium ratio is chosen, one can vary particle sizes by altering the final solution pH. The aggregates obtained by the second of these procedures are chemically different from those obtained by the first procedure, as is evident from the increased hydroxide bhlding at pH 8.3 compared with thD.t at pH 7. O.
Colloids prepared on the basis of t18se data may be used to investigate both the effect of particle size and of chemical structure upon such physiological \properties as blood stream clearance, rapidity f)f phagocytosis by elements of the reticulo-endothelial system, and site of uptake of the colloids in vivo.
In the case -of zirconyl ions, in a system with hydroxide and citrate, tartrate, or lactate, a set of data similar to trlOse for yttrium may be obtained by varying the ratio of complexing ions to zirconyl ion at any particular pH.
One factor which differs is that the re~ction between zirconyl ions and hydroxide 'ions at room temperature and above produces some bonds that, once formed, are very slowly broken by back titration. As a result, care must be exercised in preparing c0lloids of zirconium to' add alkali slowly with adequate stirring, in the cold, to avoid such an occurrence during the process of titrating to the desired final pH value.
For several investigations described in the subsequent communication, UCRL 91 -12colloidal preparations of zirconium and yttrium prepared according to tho above described principles have been used. In tho case of both these elements, the colloidal particles thus prepared are much smaller than those in the preparations described in tho section on Il re l a tively large particle size" colloi'ds.
These latter sols, prepared accordj,nc to the following directions, show only a faint Tyndall effect, and the particles are non"sediment'ible using the centrifugal fields obtainable with ordinary centrifuges (2000 G). Studies are now in progress to obtain a quantitative measure of particle sizes in such preparations as well as information as to particle syntrnetry and the extent of polydispersity of the sols. For the present the designation of "relatively large" particles and "intermediate" particles will be used without comittment as to actual particle diameters.
Preparation of zirconium-hydrox;y-la,ctate colloid of "intermediate" particle size. .Similar procedures have been utilized to prepare colloids in the lanthanumhydroxide-citrate system, the qualitative details in this system being similar to those of the'yttrium-hydroxide-citrate system, but with differences eXisting in the thermodynamic stability of the bonds involved. Since we have not yet stUdied the biological properties of lanthanum colloids, the detailed chemical preparation is not given.
Colloids containing columbium. -14two isotopes can be made I but, of (;ourse, the Cb 95 will soon regrow in the Zr 95 preparation. We have investigated the zirconium colloids described in this communication using the 21"89 isotope (with a stable columbium ,daughter), and using equilibrium mixtures of 21"95 and Cb 95 • No quantitative differences in biological behavior have been found, so that for these particular studies it appears tlw,t if the Cb 95 isotope (without carrier) is incorporated into the zirconium colloid it shares the same metabolic fate as does the Zr 95 isotope.
"
For this reason no separation of these isotopes need be made for the particular purposes described in the folloWing communications. 2. Colloids of zirconium, columbium, yttrium, and lanthanum have been chosen for stUdy of selective localization of colloids because of the availability of radioisotopes of a wide range of nuclear properties and because of the comparative ease with which controlled variations in chemical structure and particle size of colloids containing these ,elements maybe made.
3. The methods for preparing zirconium and yttrium colloids of various chemical types and ranges of particle size are described. A discussion of some of the chemical principles of these preparative methods is given.
